Irradiation of 3-X-2-[2-(2-vinylphenyl)ethenyl]furans (6a, X=CH 3 ; 6b, X=Br; 6c, X= vinyl) gave 2-(3-X-2-furyl)-2,3-dihydro-1,3-methano-1H-indenes (14a-c) and 1-X-phenanthrenes (15a-c). The formation of benzobicyclo[2.1.1]hexene structures (14a-c) is explained by intramolecular [2+2] photocycloaddition and the formation of phenanthrenes (15a-c) by photoinduced intramolecular [4+2] cycloaddition followed by dehydration.
Introduction
Intramolecular photochemical cycloadditions of aryl o-divinylbenzenes (1a) (Figure 1 ) have been the subject of intensive investigations. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] This work has been extended to furan (1b) [11] [12] [13] [14] [15] [16] and pyrrole (1c) [17] [18] [19] [20] [21] analogues. It has been found that contrary to o-vinylstilbene (1a), which undergoes an intramolecular [2+2] photocycloaddition that generates benzobicyclo[2.1.1]hexene structure (2), the furano analogue (1b) gives benzobicyclo[3.2.1]octadiene structure (3a) while the pyrrolo analogue (1c) reacts completely different and is transformed into an intermolecular adduct. A study of furan derivatives with different functionalities at the 5 position of the furan ring showed a profound effect on the intramolecular cycloaddition. 12 While the unsubstituted (3a) and methyl substituted (3b) benzobicyclo[3.2.1]octadiene derivatives were formed in very good yields, 3c and 3d were found only in traces. Unexpected 3-substituted phenanthrenes (4b-4d) were also isolated. The use of benzofuran derivatives provided a route to the fused benzobicyclo[3.2.1]octadiene structure 5, without the formation of phenanthrene derivatives.
Herein we report the substituent effect on the intramolecular cycloaddition process and the formation of photoproducts by irradiation of 3-substituted furan derivatives (6a-6c). 
Scheme 1
The starting compounds for the irradiation experiments, 6a-6c and 13, were prepared using the Wittig reaction, from corresponding phosphonium salts and aldehydes (Scheme 1). They were obtained in moderate to good yields (40-80%) as mixtures of cis-and trans-isomers. The isomers were separated by column chromatography on silica gel and identified spectroscopically.
Scheme 2
Irradiation of 10 -3 molar solutions of 6 in petroleum ether under anaerobic conditions at 300 nm, followed by evaporation of the solvent and chromatographic separation of the dark residue, gave a mixture from which exo-benzobicyclo[2. Experimental Section General Procedures. The 1 H and 13 C NMR spectra were recorded on a Varian Gemini 300 at 300 and 75 MHz, respectively. All NMR spectra were measured in CDCl 3 and when necessary in C 6 D 6 solutions using tetramethylsilane reference. The assignment of the signals was based on 2D-CH correlation and 2D-HH-COSY, LRCOSY and NOESY experiments. IR spectra were recorded on a Perkin Elmer M-297 Spectrometer. UV spectra were measured on Perkin-Elmer LAMBDA 20 Spectrophotometer. HRMS spectra were measured on an Extrel FT MS 2001 DD. Melting points were obtained on an Original Kofler Mikroheitztisch apparatus (Reichert, Wien) and are uncorrected. Silica gel (Merck 0.05-0.2 mm) was used for chromatographic purifications. Solvents were purified by distillation.
3-Substituted-2-furancarbaldehydes
3-Methyl-2-furancarbaldehyde (8a) 22 was prepared by oxidation of 3-methyl-2-furfurylalcohol 23 that was obtained from 3-methyl-2-furoate 24 with LiAlH 4 . 3-Bromo-2-furancarbaldehyde (8b) was prepared from 2-furancarboxylic acid according to the known procedure.
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Synthesis of 6a, 6b and 10
Starting compounds 6a and 6b were prepared by the method described 26 from the α,α'-oxylyl(ditriphenylphosphonium)bromide (7, 0.01 mol) and the corresponding aldehydes (8a: 0.01 mol, 8b: 0.01 mol) in absolute ethanol (200 mL) and sodium ethoxide (0.01 mol) as the base.
Under a stream of nitrogen gaseous formaldehyde (obtained by the decomposition of an excess of paraformaldehyde) was introduced and an additional quantity of sodium ethoxide (0.011 mol) was added. The reaction mixture was purified and the isomers were separated by repeated column chromatography on silica gel using petroleum ether as eluent. The first fractions yielded the trans-and the last fractions the cis-isomer. Starting compound 10 was obtained similarly 27 starting from benzyltriphenylphosphonium bromide (9) and 3-bromo-2-furancarbaldehyde (8b). 
3-Methyl-2-[2-(2-vinylphenyl)ethenyl]furan (6a
Synthesis of 11 and 12
To a stirred solution of 3.0 mmol 6b (a mixture of trans-and/or cis-isomers) or 10 (a mixture of trans-and/or cis-isomers), respectively, in 40 mL of anhydrous ether cooled to -70 ºC, 3.3 mmol butyl lithium (1,6 M hexane solution) was added under a stream of nitrogen during 30 min. After additional stirring for 30 min, 6.6 mmol of anhydrous N,N-dimethylformamide was added. After 1 h on that temperature, the mixture was allowed gradually to warm up to 0 ºC, during 3 h. Dilute hydrochloric acid was added, the layers were separated. After extraction the combined organic phases were dried over MgSO 4 . The reaction mixture was purified and separated by column chromatography on silica gel using petroleum ether/ ether (0-10%) as eluent. 
2-(2-Phenylethenyl)furan-3-carbaldehyde (12)
.
Synthesis of 6c and 13
To a stirred solution of 11 (2.0 mmol) or 12 (2.0 mmol), respectively, and methyltriphenylphosphonium bromide (2.2 mmol) in 40 mL anhydrous ether, 2.2 mmol butyl lithium (1.6 M hexane solution) was added under a stream of nitrogen. The mixture was stirred overnight, water added (40 mL) and the product extracted with ether (60 mL). After extraction the combined organic phases were dried over anhydrous MgSO 4 . The reaction mixture was purified and separated by column chromatography on silica gel using petroleum ether/ ether (0-15%) as eluent. The first fractions yielded the vinyl derivatives (first trans-and than cis-isomer) and in the last fractions the unreacted formyl derivatives were recovered. Figure 2 
3-Vinyl-2-[2-(2-vinylphenyl)ethenyl]furan (6c) (for notations see
Irradiation experiments
Furan derivatives 6a-c (10 -3 M) were dissolved in distilled petroleum ether (bp 40-60 °C), flushed with nitrogen or argon for 30 min, and irradiated in a Quartz tube using a Rayonet Reactor with 300 nm lamps. Irradiation time varied depending on the starting compound (6a and 6b 40-60 h and 6c 2-4 h, respectively). The solvent was evaporated and the residue separated by column chromatography on silica gel using petroleum ether as eluent. The first fractions yielded 1-substituted-phenanthrenes (15a-c) followed by exo-and endo-isomers (14a-c). High-molecular weight products remained on the column. 
